Diarrhea and malnutrition, two intertwined worldwide problems, are both associated with lower diversity of the intestinal microbiota in children in low-income countries.
bacteria, diet and nutritional state was also highlighted by Smith et al. [6] , who found significant differences between the gut microbiomes of Malawian twins discordant for kwashiorkor, a severe form of malnutrition characterized by edema, hair and skin abnormalities, and liver failure.
A recent report by Subramanian and colleagues [7] sheds more light on the linkage between gut microbiota assembly in early childhood, diarrheal disease and malnutrition. Using a machine learning approach, the authors created a model for healthy microbiota development that calculates a microbiota maturity index trained on bacterial taxonomic biomarkers in stool samples from healthy, well-nourished Bangladeshi children at monthly time points during the first two years of life. Using this model, they found that diarrheal disease in well-nourished children was associated with a transient decrease in the microbiota maturity score that had resolved a month or two later. In contrast, severe acute malnutrition was associated with a more prolonged delay in gut microbiota maturation that was only partially corrected by food interventions. Their work suggests the importance of microbiota assembly patterns as reflections of underlying host nutritional status, and gut ecosystem disturbance.
The Global Enteric Multicenter Study (GEMS) was established in order to identify the causes and effects of childhood diarrhea. This three year prospective study was conducted at seven sites in sub-Saharan Africa and South Asia with moderate-to-high mortality among children in their first five years of life. Stool samples from 9,439 children with moderate-to-severe diarrhea and 13,129 age-matched, gender-matched and residencematched controls without diarrhea were tested for a wide array of viral, bacterial, and parasitic pathogens. In 43% of the moderate-to-severe diarrhea cases, one or more pathogens were detected [8] , most notably rotavirus, Cryptosporidium, enterotoxigenic Escherichia coli producing heat-stable toxin, and Shigella. At the time of clinical follow-up, children who had experienced a diarrheal episode showed a greater lag in height development than their age-matched controls. In addition, the diarrheal episode was associated with a more than eightfold increased risk of death during the follow-up period [8] .
Although GEMS was an important step forward in determining the causes and effects of diarrheal diseases in low-income countries, many questions remained unanswered. In about half of the diarrheal cases, conventional diagnostic tests failed to reveal a known pathogen, suggesting that the diarrhea might have been caused by yet unrecognized pathogens, or that other factors might play a role, including disrupted gut permeability, and alterations in the composition and function of the gut microbiota.
Pop and colleagues [2] analyzed the taxonomic composition of the intestinal microbiota of 992 children enrolled in GEMS, based on the sequences of amplified small subunit ribosomal RNA genes present in stool specimens. All children were under five years of age and lived in four of the seven GEMS low-income sites, spanning a wide range of cultural and dietary traditions. Of these 992 children, 508 had acute diarrhea at the time of specimen collection, and the rest were controls. The incorporation of subjects from disparate geographic regions of the world is a particularly valuable aspect of this study. As in children from other studies [3] , overall fecal bacterial diversity increased with age in both healthy controls and cases, with a gradual increase in Prevotella and a decrease of Escherichia, Veillonella and Streptococcus species. In all age groups, the microbiota of GEMS-enrolled children presenting with acute diarrhea displayed lower taxonomic diversity than that of their age-matched healthy controls [2] , similar to the findings of reduced diversity by Subramanian et al. [7] in healthy Bangladeshi children with diarrhea. Since no time series were conducted by Pop et al., it is not clear if this reduced diversity associated with diarrhea was transient or prolonged, and/or whether it might have preceded the onset of diarrhea. Related issues concern the absence of information about the numbers, timing and severity of prior episodes of diarrheal disease in all of these children, their nutritional state, as well as the absence of information about antibiotic treatment. Because these factors help to shape the ecological fitness landscape of the gut, they might easily confound the findings in this study.
Many of the diarrheal case-associated bacterial taxa identified by Pop and colleagues [2] were bacteria known to be capable of causing diarrheal disease, and previously found in this cohort with conventional diagnostic tests [8] , such as Escherichia/Shigella and Campylobacter jejuni. The microbiota analysis also implicated other genera, such as Streptococcus and Granulicatella, in diarrheal disease. Other bacterial taxa were negatively associated with diarrhea, including Prevotella and Lactobacillus ruminis [2] . Importantly, as discussed by the authors, the diarrhea-associated taxa are not necessarily the cause of the diarrhea, or even a contributory factor. They may have 'bloomed' because of altered gut conditions, or become disproportionately represented in stool because of faster gut transit time.
Breaking through the downward spiral of malnutrition and diarrhea in developing countries is tough. Unfortunately, malnutrition, poor hygienic conditions and diarrhea are tightly connected and synergistic; solving one problem without addressing the others might not lead to improvements. Chronic exposure to pathogens can lead to intestinal inflammation and ultimately to a condition called environmental enteropathy in which the gut microvilli architecture is damaged and energy absorption capacity is disturbed. The effects of this condition on the intestinal microbiota are not yet clear, but it is likely to affect its taxonomic composition.
Dense longitudinal studies of the gut microbiota, in the context of host health and malnutrition, and diarrhea in low-income countries, in addition to studies that monitor immune system and gut permeability markers, are needed to identify microbiota members and products that might be exploited to reduce disease and promote health. For example, Salmonella, a leading cause of gastroenteritis, thrives in the inflamed gut by expressing a siderophore that helps it scavenge effectively for iron. The addition of the non-pathogenic Escherichia coli strain Nissle 1917, which uses a similar siderophore system to compete with Salmonella for iron acquisition in the face of induced host iron scavenging systems, reduces Salmonella colonization in mouse models [9] . Similar approaches for exploiting and manipulating natural competitive interactions in the gut might be employed for management of childhood diarrhea and promoting healthy microbiota configurations. Forwardlooking strategies for intestinal ecosystem restoration in the aftermath of diarrheal disease, and for preservation of ecosystem services during childhood, will require a careful examination of the roles played by prior stochastic and historical events, and gut environmental selection, in the assembly of the gut microbiota [10] .
Abbreviation GEM: Global Enteric Multicenter Study.
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